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ABSTRACT: 


Background and Aim of the Work: Inflammation is a common feature in chronic kidney disease (CKD), 
especially enhanced in end stage renal disease patients on hemodialysis (HD). Under inflammatory 
conditions, reactive oxygen species (ROS) and reactive nitrogen species (RNS) are generated from 
inflammatory and epithelial cells and result in DNA damage. In this study we assess DNA fragmentation in 
children with chronic kidney disease on regular hemodialysis sand detect its relation with some of the 
inflammatory markers. 


Material and Methods: The study included 40 children with CKD on regular hemodialysis (HD), and they 
were selected from the hemodialysis unit of Al-Zahraa hospital, Al-Azhar University, during the period from 
April 2016 to January 2018. Another group of 40 apparently healthy children, matches age and sex with 
patients group as a controls. Serum level of C-reactive protein (CRP), tumor necrosis factor (TNF-a) and 
DNA fragmentation assay in the same line with routine investigations were assessed for both groups 


Results: Children on regular hemodialysis have significantly higher CRP and TNF-a serum levels compared 
to their controls, it was (27.25+4.64 mg/L),(10.04+1.90 ng/ml) and (1.86+0.59 mg/L) (2.75+0.56 ng/ml) 
respectively, (P<0.001). There was a significant increase in DNA fragmentation in patients group 
(1.51+0.31) compared to the controls (0.54+0.21) with (P<0.001). DNA damage was present in (92%) of the 
study patients. There were significant positive correlations between DNA fragmentation and serum level of 
CRP, TNF-a, body mass index and dialysis duration. 


Conclusion: Almost children on hemodialysis are exposed to DNA damage with significant association with 
inflammatory markers, duration of hemodialysis and BMI. 
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INTRODUCTION: Chronic kidney disease (CKD) 
iS a progressive condition marked by deteriorating 
kidney function over time. The early stages of CKD 
are manifested by kidney damage and are generally 
asymptomatic, whereas more advanced stages of 
CKD require treatment of uraemia and its 
complications and ultimately renal replacement 
therapy when end-stage renal disease (ESRD) is 
reached “. 


Patients with chronic kidney disease 
(CKD) have high incidence rates of cardiovascular 
disease and cancer. Several factors contribute to 
these conditions, uraemia, micro-inflammation and 
oxidative stress [free radicals, reactive oxygen 
species (ROS), etc] are the main mechanisms 
underlying this phenomenon ™. 


Inflammation is a common feature in CKD, 
especially enhanced in ESRD patients on hemodialysis 


Received: 27/10/2018 
Accepted: 21/11/2018 


HD). This chronic inflammatory state seems to 
contribute to aggravate kidney dysfunction and favor 


the occurrence of comorbidities and the risk of mortality 
(3) 


Chronic inflammation can itself lead to 
increased oxidative stress in advances renal 
disease, with malnutrition, chronic volume 
overload and autonomic dysfunction as some 
factors implicated in the increased inflammatory 
state seen in renal impairment. Studies have 
observed association between many mediators of 
inflammation such as CRP, IL-6, TNF-a and renal 
dysfunction, in chronic kidney disease patients, the 
polymorphnuclear neutrophils are activated and 
myeloperoxidase is generated, triggering reactive 
oxygen species activation. 


Extensive genetic damage in patients with 
CKD, possibly due to accumulation of uremic 
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toxins, oxidative stress and other endogenous 
substances with genotoxic properties™. 


Impairment of DNA damage repair and 
increased chromosome damage in patients with 
KD may be caused by the uraemic state as well as 
by chronic inflammation linked to increased 
formation of reactive oxygen species. © 


Patients with CKD have an elevated risk 
for developing cancer ”. DNA lesions may induce 
mutations in oncogenes and tumour-suppressor 
genes that may lead to malignancies if 
mutagenicity is not mitigated by repair 
mechanisms®), 


AIM OF THE WORK: The aim of this study was 
to assess DNA fragmentation in a children on 
regular hemodilaysis and detect its relation with 
some of the inflammatory markers. 


MATERIALS AND METHODS: This is cross 
sectional comparative study, conducted during the 
period from April 2016 to January 2018. The 
sample included 40 children recruited from 
nephrology & hamodialysis unit of Al zahraa 
hospital, Al Azhar University. The investigation 
was carried out on patients who attended the 
pediatric hemodialysis unit during the period of the 
study. They were on regular hemodialysis more 
than three months at the time of the study, for 4 
hours/ setting, 3 times weekly, with low-flux 
polysulphone dialyzer by 4008 Fresenius machine. 
They were 23 females and 17 males, their ages 
ranged from 5-18 years. A group of 40 healthy 
children, matched age and sex with patients group 
served as controls. Children with acute infection, 
tumors or on chemotherapy and with other chronic 
diseases were excluded from the study. The 
patients were subjected to full history taking 
including etiology, onset of CKD, duration of 
hemodialysis and laboratory investigations. 
Informed consent was obtained from the 
participating parents in adherence with the 
guidelines of the ethical committee of Al Zahraa 
hospital, Al-Azhar University, Cairo, Egypt. This 
study was conducted with participation of Pediatric 
Department and the National Center for Radiation 


Research and Technology Atomic Energy 
Authority. 
Sampling 

Venous blood samples (5 ml) were 


withdrawn from each subject before dialysis and 

divided into 3 specimens: 

1) A specimen (2 ml) was put on EDTA tubes for 
complete blood picture. 
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2) A specimen (about 3 ml) of the samples was 

put in a plain tubes were left to clot and sera 

were separated without delay for the 

biochemical parameters (urea, creatinine, 

triglyceride, cholesterol, and total protein) to be 

done on the same day. 

Another portions of the serum sample stored 

frozen at -20 c after careful labeling till the 

time of assay of: 

- DNA fragmentation assay. 

- Tumor necrosis factor (TNF-a) and 
C-reactive protein (CRP) assay by ELISA. 


3) 


DNA fragmentation assay 


This is done according to the method of 
Ioannou and Chen (1996) © and colorimetricaly 
using polyethyelene glycol 8000 to separate 
fragmented DNA from intact one. 


> Principle: 

DNA fragments in the range of 20-300 kb 
are early sign of cellular apoptosis. The technique is 
based on hypotonic lysis of blood cells followed by 
the selective precipitation of un-fragmented, high- 


molecular weight DNA by polyethylene glycol 
(PEG) 8000. 


Statistics 


Data were collected revised, coded and 
entered to the statistical package for social science 
(IBM SPSS) version 20. Spearman correlation 
coefficients were used to assess the relation between 
two studied parameters in the same group. P > 0.05: 
Non significant. P < 0.05: Significant. P < 0.01: 
Highly significant. 


RESULTS: The results illustrated in Table 1 showed 
a significant increase in the serum level of urea, 
creatinine, triglyceride, and cholesterol in dialysis 
group than healthy controls, while there was a 
significant decrease in the serum level of total protein 
in dialysis group compared to their controls 


Table 2 demonstrated a significant 
increase in CRP and TNF-a serum levels and an 
increase in DNA fragmentation in dialysis children 
compared to their controls. 


Figure 1 showed that 92.5% of 
participating subjects have DNA breakage among 
the study patients. 


Inspection of figures 2-5 demonstrated 
that, DNA fragmentation is positively correlated 
with CRP, TNF-a, BMI and duration of 
hemodialysis respectively. 
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_Table (1): Comparison between patients and control group regarding laboratory data 
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Age (years) 11.58+4.67 

z-score for BMI -0.20+41.37 0.20+0.26 3.195 0.065 
Urea (mg/dl) 78.6643.38 13.3843.97 303.108 0.001 
Creatinine (mg/dl) 7.7942.27 0.82+0.16 374.213 0.001 
Total Protein (mg/dl) 6.11+0.78 6.46+0.58 5.216 0.025 
Serum Albumin (mg/dl) 4.03+40.36 4.1240.43 1.128 0.291 
TG (mg/dl) 171.93427.22 71.73+48.64 369.113 0.001 
Cholesterol (mg/dl) 226.05+49.21 154.73+9.77 80.849 0.001 








Table (2): Comparison between patients and control group regarding serum level of CRP, TNF-a and DNA 
fragmentation. 










CRP (mg/L) 271.25+4.64 1.86+0.59 119.367 0.001 


























TNF-« (ng/ml) 10.04+1.90 2.75+0.56 544.366 0.001 
= y 1.510.31 0.54+0.01 275.768 0.001 
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Figure (1): Demonstrate that 92.5% of study patients have DNA breakage. 
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Figure (2): Correlation between DNA fragmentation Figure (3): Correlation between DNA fragmentation 
and CRP serum level. and TNF-a serum level. 
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Figure (4): Correlation between DNA fragmentation 


and BMI. 


DISCUSSION: We are interested in studying and 
measure the burden of genomic damage in children 
who are kept on hemodialysis and detect its 


correlation with some parameters related to 
pathology particularly the inflammatory 
biomarkers. 


The role of dialysis on genomic damage is 
conflicting. Most of the DNA damage caused by 
oxidative stress can be repaired by various repair 
systems present in the cells, some damage might 
escape the repair machinery or the repair may be 
exhausted when too many lesions occur “. 

The present study showed differences in 
the level of the inflammatory biomarkers CRP and 
TNF-a in children on regular hemodialysis 
compared to control subjects. Rangel-Lépez et al.” 
reported similar finding. Chronic inflammation 
directly correlates with the glomerular filtration 
rate (GFR) in CKD and culminates in dialysis 
patients, where extracorporeal factors, such as 
impurities in dialysis water, microbiological 
quality of dialysate and bioincompatible factors in 
the dialysis circuit play an additional role“. Other 
studies had similarly demonstrated that children 
with varying degrees of kidney dysfunction had 
higher inflammatory markers as CRP and TNF-a 
than the general population”. 


We analyzed the DNA fragmentation by 
chemical method which is probably more sensitive 
in determining the percentage of apoptosis in 
cultured cells than direct scoring of apoptotic 
nuclei®. 

Our study showed that cell damaged DNA is 
increased in children on hemodialysis with 
significant correlation to CRP, TNF-a and Wbces. 
Under inflammatory conditions, reactive oxygen 
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Figure (5): Correlation between DNA fragmentation 
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and dialysis duration. 


species (ROS) and reactive nitrogen species (RNS) 
are generated from inflammatory and epithelial cells 
and result in DNA damage “®. HD treatment seems 
to contribute per se to enhance inflammation and, 
thus, it may also favor genetic damage and the 
associated complications: In agreement with the 
present study, Ohnishi et al."'”’, Hooten et al.“, and 
Schupp et al.” reported that, patients with chronic 
kidney disease have high levels of genomic damage. 
In contradictory to the present findings, 
Rangel-Lépez et al. © could not find a difference 
between matched controls and hemodialysis 


patients regarding the DNA breakage. An 

explanation might be improvement of the 

hemodialysis procedures and the concomitant 
(18-19) 


pharmaco-therapy over time and may also 
related to the method of DNA breakage detection. 

The effects of time on genomic damage in 
patients with HD is controversial, in the present 
study, duration of dialysis treatment and level of 
DNA damage were found to be positively 
correlated. These results are consistent with the 
report of Moffitt et al.°”; Roth et al.?”; Zachara 
et al.°”, in that DNA fragmentation has significant 
positive correlation with long duration of dialysis. 
However, Aykanat et al.?* and Ersson et al.?”, 
reported no significant correlation, On the other 
hand, there was a negative association between 
time on dialysis and genetic damage”. Moreover 
daily dialysis patients showed a significantly lower 
degree of genomic damage, suggesting that the 
amelioration in the uraemic state would reduce the 
degree of genomic damage™). Corredor et al., 
reported that online hemodiafiltration (OL-HDF) 
reduced the levels of DNA damage in these 
patients, as this approach provides a reduction of 
inflammation and oxidative stress 
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It is not surprising, but interesting to find a 
significant positive correlation between DNA 
damage and BMI in children on hemodialysis. 
Most of children with CKD are malnourished; 
malnutrition and protein-energy wasting, common 
in CKD, may also contribute to the inflammatory 
condition of CKD patients®?. We observed 
significant increase in the serum level of 
cholesterol and triglyceride in hemodialysis 
children, BMI has been identified as a distinct risk 
factor for dyslipidaemia in the paediatric CKD 
population®’*®, lipid disorders, enhanced 
oxidative stress and inflammation®®, 


CONCLUSION: We have shown that, almost 
children on hemodialysis are more prone to DNA 
damage as we detected that 92% of them had DNA 
damage with significant positive correlation to the 
inflammatory status, duration of hemodialysis and 
BMI. 

We recommend that pharma-cological 
interventions and optimization of hemodialysis 
modalities aiming to reduce or increasing removal 
of inflammatory mediators. Further studies are 
needed to evaluate the long-term effects of various 
anti-inflammatory treatments and new 
hemodialysis modality strategies on genomic 
damage in children on hemodialysis 


LIMITATIONS OF THE STUDY: Some limitation 
of the study include, low number of the study 
population, and their heterogeneity due to different 
CKD and frequent pharmacological treatments. 
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